Peritoneal dialysis (PD) is the most readily feasible home-dialysis method for renal replacement therapy. However, repeated use of PD can lead to induction of mesothelial/epithelial-mesenchymal transition (MMT/EMT) and fibrosis, eventually leading to ultrafiltration failure and discontinuation of PD. ) is believed to be a potent downstream inhibitor of TGF-β1 in renal fibrosis, but the effect of miR-129-5p on MMT/EMT relevant to PD is unknown. In this study, as determined by microRNA array analysis and confirmed by northern blot analysis and real-time PCR, we demonstrate that miRNA-129-5p is decreased in mesothelial cells isolated from effluent of patients having PD for more than 6 months extending to several years compared with those who have undergone PD for less than 6 months. The decreased expression of miR-129-5p was accompanied with alterations in EMT-related genes and the expression of respective proteins in vivo. In addition, in in vitro studies we noted that the expression of E-cadherin and claudin-1 were significantly reduced with increased cell migration in HMrSV5, a human peritoneal mesothelial cell line (HPMC), treated with TGF-β1, whereas expression of vimentin, fibronectin and transcription factors SIP1 and SOX4 increased significantly, as assessed by real-time PCR, western blot analysis and immunofluorescence microscopy. Furthermore, alteration in EMTrelated genes and proteins were reversed by overexpression of miR-129-5p. No effect was observed in cells treated with miR-negative control. Meanwhile, inhibition of SIP1 and SOX4 with their respective siRNA also could decrease the expression of EMT-related genes and protein levels in HPMCs induced with TGF-β1. Finally, we demonstrate that SIP1 can inhibit the promoter activity of E-cadherin while enhancing the promoter activity of vimentin. We also observed that miR-129-5p could directly target the 3′UTR of SIP1 and SOX4 genes, and repressed their post-transcriptional activities. These data suggest that there is a novel TGF-β1/miR-129-5p/SIP-1 or SOX4 pathway that has a significant role in MMT and fibrosis in the setting of PD. (2015) 95, 817-832; doi:10.1038/labinvest.2015 published online 11 May 2015 Peritoneal dialysis (PD) is an alternative treatment for endstage renal disease that uses the peritoneal membrane (PM) as a permeable barrier for the exchange of nocuous substances and water. 1,2 During PD, long-term exposure to bioincompatible PD solutions and episodes of infection cause damage to the PM, which then can lead to denudation of the mesothelial cells (MCs), submesothelial fibrosis and angiogenesis, eventually leading to ultrafiltration failure and discontinuation of PD. 2 Emerging evidence has indicated phenotypic conversion of MCs to mesenchymal cells. The mesothelial-to-mesenchymal transition (MMT) is an initial and reversible event leading to structural and functional peritoneal lining deterioration. 3, 4 Recent studies indicate that the MMT is a complex process, which is characterized by a loss of epithelial phenotype and acquisition of myofibroblast-like properties, 5, 6 and the cellular and molecular mechanisms and factors that participate in this process are not fully delineated.
adhesion molecule E-cadherin and the upregulation of mesenchymal-associated molecules, such as, vimentin, fibronectin (FN), etc. 7, 8 TGF-β1 is known to have a pathogenetic role in the MMT in states of PD dysfunction. 1, [10] [11] [12] However, the mechanism(s) by which TGF-β1 induces MMT in PD dysfunction remains to be clearly defined.
MicroRNAs (miRNAs) are small 18-25-nucleotide noncoding RNAs that are believed to be involved in the modulation of gene expression by inducing mRNA degradation or repressing mRNA translation, 13 and thus have a globalized role in a wide variety of biological functions, such as cellular proliferation, apoptosis, tumorigenesis, and fibrosis in various target organs. [13] [14] [15] Recent studies indicate that miRNAs may contribute to the process of EMT in PD dysfunction 10, 16, 17 as well as in development of fibrosis. [18] [19] [20] For example, miR-30 and miR-589 have been reported to be associated with the MMT process and peritoneal fibrosis in certain models of PD 10, 16 , suggesting that miRNA may h ave a critical role in the pathogenesis of TGF-β-induced fibrosis in PD.
To identify other miRNAs involved in the MMT/EMT of peritoneal MCs (PMCs), we employed miRNA array analyses of the PMCs from the effluent of PD patients. The results indicate that some miRNAs, including miR-129-5p, were downregulated in patients undergoing PD for more than 6 months when compared with those undergoing PD therapy for less than 6 months. We further demonstrate that miR-129-5p expression is notably decreased, which closely correlated with the development of MMT/EMT and peritoneal fibrosis in the PD patients. We also observed that overexpression of miR-129-5p in human PMCs (HPMCs) reversed the TGF-β1-induced MMT/EMT phenotypic transformation cells and the expression of SIP1, a member of the zinc-finger E-box-binding (ZEB) homeobox factor family, as well as the sex-determining region Y-related high-mobility group box-4 gene (SOX4). In addition, we noted that miR-129-5p regulate promoter activity of E-cadherin and vimentin in HPMCs treated with TGF-β1. Finally, we report that miR-129-5p could directly target the 3′ untranslated region (UTR) regions of SIP1 and SOX4 genes, and modulate their translational efficiency. From these data, we suggest that miR-129-5p could serve as a potential therapeutic target for the amelioration of peritoneal fibrosis in PD.
MATERIALS AND METHODS Peritoneal Equilibrium Test (PET)
PET measurements were carried out as previously reported. 21, 22 Briefly, a 2.5% glucose exchange was performed overnight using a PD patient's standard dwell volume. The abdomen cavity was drained for over 20 min, following which 2.5% dextrose dialysate (2 l) was instilled into the peritoneal cavity. A 10-ml sample was removed at 4 h to determine the urea, creatinine, and glucose levels. PM transport function was designated as high, high average, low average or low transporter, as classified previously. 21, 22 Human PMCs (HPMCs) Sixteen patients were enrolled for the continuous ambulatory PD (CAPD), including eight patients who received CAPD for 'more' than 6 months (from 6 to 50 months) and were designated as the PD 46 months group, and eight patients who received CAPD for 'less' than 6 months and were designated as the PD-start group. The study was approved by the Institutional Review Board and Ethics Committee of The Second Xiangya Hospital, Central South University, China. All of the participants had signed the informed consent form. HPMCs were harvested from the effluents of PD patients before the first episode of peritonitis occurred. The HPMCs were isolated using low-speed (1500 r.p.m.) centrifugation, washed with DMEM, cultured in DMEM containing L-glutamine supplemented with 15% FBS, 0.5 μg/ml insulin, 5 μg/ml transferrin, and 1 μg/ml hydrocortisone in humidified air with 5% CO 2 at 37°C. Nonadherent cells were removed the next day with two brief washes with DMEM, and the adherent cells were incubated in fresh culture medium. The cells were allowed to reach confluence in 7-10 days, and then they were split and seeded onto two to three cultured flasks. After achieving 80% confluency, the cells were used for various experiments.
miRNA Microarray Analyses Total RNA was extracted from HPMCs using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) as per the manufacturer's instruction, and miRNA microarray was performed at Kangcheng BioCorp (Shanghai, China). Briefly, Total RNA was purified and hybridized onto the miRCURY LNA Array (v.11.0), which contains probes of over 1700 unique miRNAs based on the miRBase version 11.0 release of hsa, mmu & rno array (online at http://microrna.sanger.ac.uk). The intensity values of the microarray data were subjected to GenePix pro V6.0 for subtraction of background values and normalization, followed by mean summarization. A list of miRNA candidates was generated based on their differential expression between the two populations of RNA from PD patients (o6 months PD vs 46months).
Culture of MC Line
HMrSV5 (a human peritoneal mesothelial cell line) was obtained from Dr Pierre Ronco (Tenon Hospital, Paris). 23, 24 Cells were maintained in DMEM/F12 medium (Invitrogen) containing 10% fetal bovine serum, and incubated at 37°C in a humidified incubator with 5% CO 2 . After achieving 80% confluency, the cells were cultured in serum-free medium in the presence or absence of 5 ng/ml of TGF-β1 (R&D Systems, Minneapolis, MN). In various combinations, the cells were transfected with pre-miR-129-5p or miRNA-negative control (miR-neg-ctrl) (Life Technologies, CA, USA), or SIP1-siRNA and SOX4-siRNA (Santa Cruz Biotechnology, TX, USA), or with pBK-CMV-hNHERF2 plasmid (Entrez Gene: SIP1, Plasmid #47801 SIP1), a mammalian cell expression plasmid (Addgene, Cambridge, MA, USA), or pWPXL-Sox4 plasmid (Entrez Gene: SOX4, Plasmid #36984) from Addgene. For transfection, the Lipofectamine 2000 kit was used following the manufacturer's instructions (Invitrogen). The cells were then used for various expression studies and assays.
TaqMan Reverse Transcription-PCR (RT-PCR) Studies
For measurement of miR-129-5p expression, a RT reaction was performed using the TaqMan MicroRNA Reverse Transcription Kit. Three μl of cDNA products were used for the measurement of miR-129-5p by employing the TaqMan MicroRNA Assays-miR-129-5p kit (Life Technologies) as per the manufacturer's instructions. For mRNA expression of various genes, total RNA (500 ng) was used for RT and the cDNA was synthesized as described. 25 The mRNA expression of SIP1, SOX4, E-cadherin, claudin-1, vimentin, and FN was detected by TaqMan gene expression assays using Real-time PCR system 7300 (Applied Biosystems, Life Technologies). [26] [27] [28] [29] The expression of miR-129-5p and of various genes were normalized to β-actin and U6snRNA. The PCR primers used were as follows: E-cadherin sense: 5′-GTC ACTGACACCAACGATAATCCT-3′ and antisense: 5′-TTTC  AGTGTGGTGATTACGACGTTA-3′, vimentin sense: 5′-TTG  AACGCAAAGTGGAATC-3′ and antisense: 5′-AGGTCAGG  CTTGGAAACA-3′, claudin-1 sense: 5′-CCAGTCAATGCCA  GGTACGAAT-3′ and antisense: 5′-TTGGTGTTGGGTAAGA  GGTTGTT-3′, FN sense: 5′-TGGAGGAAGCCGAGGTTT-3′ and antisense: 5′-CAGCGGTTTGCGATGGTA-3′, β-actin sense: 5′-CCTTCCTGGGCATGGAGTC-3′ and antisense: 5′-GAGGAGCAATGATCTTGATCTTC-3′, SOX4 sense: 5′-GTGAGCGAGATGATCTCGGG-3′ and antisense: 5′-CA GGTTGGAGATGCTGGACTC-3′ and SIP1 sense: 5′-CCCTT CTGCGACATAAATACA-3′ and antisense: 5′-TGTGATTC ATGTGCTGCGAGT-3′.
Northern Blot Analysis of miRNAs
To confirm the miRNA-129-5p expression in cells from PD patients, northern blotting procedures were performed, as described previously. 30, 31 Briefly, 50 μg of low-molecular weight RNA was subjected to denaturing 10% polyacrylamide gel electrophoresis, transferred to a PVDF membrane (Amersham, NJ, USA), and probed. The probes used were γ-32 P-ATP (PerkinElmer Life Sciences, Akron, OH, USA) end labeled of locked nucleic acid (LNA)-modified miR-129-5p oligonucleotide from Exiqon (Woburn, MA, USA). The northern blot analysis of miRNAs was carried out following their quantification using National Institutes of Health Image J version 1.42q software, as described previously. 31 Western Blot Analyses Protein expression was assessed by western blot analysis. Protein (50 μg) samples were resolved by 10% SDS-PAGE and transferred to PVDF membranes, then probed with various primary antibodies against E-cadherin, claudin-1, and vimentin (Santa Cruz Biotechnology); FN (Sigma-Aldrich, St Louis, MO, USA); SIP1 and SOX4 (Abcam Trading Company, Shanghai, China). After incubating with an appropriate secondary antibody, the protein expression was detected by western blot analysis, as described previously. [27] [28] [29] β-Actin (Santa Cruz Biotechnology) was used as an internal control.
Immunofluorescence Studies
HPMCs were grown on coverslips, washed twice with PBS, fixed in 4% paraformaldehyde for 20 min, and permeabilized using 0.1% Triton X-100. The antibodies used were as follows: anti-E-cadherin (1:100 dilution), anti-vimentin (1:100) from Santa Cruz Biotechnology; anti-SIP1 (1:100), and anti-SOX4 (1:100) from Abcam. The antibodies were diluted in a blocking buffer and cells were incubated with them overnight at 4°C, followed by incubation with FITClabeled secondary antibody (Santa Cruz Biotechnology) for 2 h at 22°C. They were then examined using a UV fluorescence microscope. The intensity of fluorescence was analyzed by image analysis software (Path, QC, Logene Biological Medical Engineering) as described in (ref. 31 ).
Cell Migration Studies
For cell migration assays, trypsinized HPMCs were seeded onto 12-well plates. A wound was created by scratching the cell culture with a pipette tip. The status of the wound was monitored for several hours after treating the cells with TGF-β1 with or without transfection of pre-miR-129-5p. The wound width in the cell culture was measured at the termination of the experiments, as described in previous publications. 32, 33 Promoter Activity Assay Promoter activity assays were carried out using a luciferase system. A E-cadherin-luciferase reporter was constructed by cloning the human E-cad promoter fragment spanning − 420 to +32 from the transcription start site upstream of the luciferase segment in the pGL3 vector (Promega, Madison, WI, USA), as described, 34 and designated as pGL3-E-cad vector. Briefly, the promoter fragment was first cloned into PCR II vector by PCR using oligonucleotide sense primer: 5′-AGAACCGTGCAGGTCCCATAA-3′ and antisense primer: 3′-AACTGACTTCCGCAAGCTCAC-5′ and the genomic DNA from HPMCs that served as the template. Following cloning, its sequence was confirmed to ensure that there were no mutations. The promoter fragment was then subcloned into pGL3 vector (Promega). To construct the human vimentin promoter luciferase reporter plasmid (VimPro), a 1.5-kb fragment of human vimentin 5′-upstream region was cloned in the EcoRI-BamHI site of the firefly luciferase reporter plasmid pGL3 (Promega). 35 Briefly, the promoter (−1416 to +85 bp) of human vimentin 5′-upstream region was cloned into PCR II vector and amplified using the sense primer: 5′-AATTCCTTTTGAAAACAGAACCTATCATT-3′ and the antisense primer: 5′-GAAGAGGGAAGAGGGGGGT GGGTGTGGGT-3′. Following confirmation of the sequence, the fragment then was subcloned at the EcoRI-BamHI site of the firefly luciferase reporter plasmid pGL3 as described previously. 35, 36 For the luciferase assay, pGL3-E-cad and vimPro constructs were then transiently transfected into HPMCs in a 24-well plate that were serum starved for 18 h prior to treatment with TGF-β1, or co-transfected with SIP plasmid or pre-miR-129-5p siRNA. After 24 h, luciferase activity was measured using the Dual Luciferase Reporter Assay System (Promega) following the manufacturer's instructions. The luciferase activities were subsequently normalized with β-galactosidase activity where cells were co-transfected with pSVb-galactosidase vector (pSVb) (Promega) as in (ref. 36 ).
Luciferase Reporter Assay
For construction of the 3′UTR of SIP1 and SOX4 reporter plasmids, SIP1 and SOX4 3′UTR segments were amplified by PCR. They were then subcloned into pGL3 luciferase vector (Promega), as described previously, 28, 29 and the plasmids were designated as pGL3-SIP1-wt or pGL3-SOX4-wt. Mutations in SIP1 and SOX4 3′UTR were then created using the pGL3-SIP1-wt or pGL3-SOX4-wt as PCR templates while replacing four nucleotides in the miR-129-5p-binding site using a QuikChange Site-Directed Mutagenesis kit (Stratagene, La Jolla, CA, USA). These constructs were designated as pGL3-SIP1-mut or pGL3-SOX4-mut, as previously reported. 28, 29 For luciferase reporter analysis, HMrSV5 cells were transfected with the reporter constructs as indicated above premiR-129-5p with or without TGF-β1 treatment. Following 48 h of transfection, luciferase activity was measured using a Dual-Glo Luciferase Reporter Assay Kit (Promega) as described previously. 28, 29 Statistical Analysis Data are expressed as the mean ± s.e.m. One-way ANOVA was performed to assess the statistical analysis. P-values o0.05 were considered statistically significant.
RESULTS

Mir-129-5p was Downregulated in the PMCs from the Effluent of PD Patients, Which Negatively Correlated with the MMT Transformation and the Expression of SIP1 and SOX4
Average duration of dialysis in the PD-start group was 3.90 ± 1.79 months and 19.33 ± 11.82 months for the PD46 months group (Po0.01). There are no significant differences in other clinical characteristics, including gender, age, BMI, renal failure cause, and creatinine ratio (dialysis to plasma), at 4 h in a peritoneal equilibrium function test between PD-start and PD46 months groups (Table 1) . By miRNA array analysis, expression of 91 miRNAs was noted to be dysregulated in the cultured PMCs from the effluent of PD patients. Among them included 33 miRs upregulated and 58 miRs downregulated in the PMCs from the PD patients having dialyses over 6 months compared with the PD-start group (Tables 2 and 3 ). The miR-129-5p was found to be At the same time, the expression of MMT/EMT-related genes and proteins was also altered. As shown in Figure 1c C1, C2, 1d and 1e E1, E2, the mRNA and protein expression of E-cadherin significantly decreased in the PMCs from the effluent of PD46 months patients, as compared with that from PD-start patients, whereas that of mesenchymal markers, such as vimentin and FN expression, increased. A negative correlation between miR-129-5p expression and that of vimentin and FN was seen, suggesting that miR-129-5p may be involved in the MMT process during PD.
Next, we investigated the expression of SIP1 and SOX4 transcription factors, as they may be the predicted targets of miRNA-129-5p by analysis of the 3′-UTR sequence using biological analysis software (www.microrna.org). These factors have been reported to have an important role in the EMT process. As expected, both mRNA and protein expression of SIP1 and SOX4 were increased in the PMCs from the effluent of the PD46 months group (Figure 1e E3) , which positively correlated with the MMT transformation, and correlated with the expression of miR-129-5p. Moreover, an upregulated level 
High average (n) 3 2
Low average (n) 4 4
Low (n) 0 0
MicroRNA-129-5p modulates MMT/EMT in PD L Xiao et al of TGF-β1 was also observed in effluent of the PD46 months group, as assessed by ELISA methods (Figure 1f ). 
TGF-β1
Overexpression of miR-129-5p Blocked MMT Transformation in HPMCs Treated with TGF-β1
To verify the precise role of miR-129-5p, expression of E-cadherin and vimentin was induced with TGF-β1. The premiR-129-5p was transfected into HPMCs and then exposed to TGF-β1. The results showed that overexpression of miR-129-5p significantly reversed the TGF-β1-reduced miRNA-129-5p expression, and there was no change seen in that treated with miR-negative control (Figure 3a ). In addition, the inhibitory effect of TGF-β1 on the mRNA expression of the E-cadherin ( MicroRNA-129-5p modulates MMT/EMT in PD L Xiao et al induced vimentin expression (Figure 3e , right panels and Figure 3f F2 ). There were no differences in cells transfected with miR-negative control compared with the control group. Since cell migration has been described to be modulated by the EMT process, the studies were performed to further understand the effect of miR-129-5p on cell migration in HMPCs. We observed that the overexpression of miR-129-59 significantly dampened the TGF-β1-induced HMPC migration, as shown in Figure 3g and h. In other words, treatment of cells with TGF-β1 leads to increased HMPC migration, whereas miR-129-59 treatment decreases cell migration. These results indicated that miR-129-5p partially blocks the effect of TGF-β1 during the MMT process in HPMCs.
Knockdown of SIP1 or SOX4 Ameliorated TGF-β1-Induced MMT/EMT Changes in HPMCs
To clarify the precise mechanism by which miR-129-5p modulates TGF-β1-induced MMT/EMT mRNA and protein expression, SIP1-siRNA and SOX4-siRNA were used to knock 
MiR-129-5p Inhibits Protein Expression of SIP1 and SOX4 by Downregulation of their 3
0 UTR Activity and Modulation of the Promoter Activity of E-cadherin and Vimentin By real-time PCR, a significantly increased mRNA expression of SIP1 and SOX4 was seen in HPMCs induced by TGF-β1 (Figure 6a and b, line 2 vs line 1), whereas no significant differences were seen between TGF-β1 and TGF-β1+miR--129-5p groups (line 3 vs line 2). However, immunostaining with anti-SIP1 or anti-SOX4 antibodies showed that the SIP1 and SOX4 expression in HPMCs increased, which was mainly reflected by a significant increase in the nucleus following treatment with TGF-β1. This was significantly dampened by the treatment with pre-miR-129-5p (Figure 6c ), whereas treatment with the miR-negative control had no effect. Furthermore, immunoblotting revealed an increased SOX4 and SIP1 protein expression in HPMCs treated with TGF-β1 ( Figure 6d , line 2 vs line 1), whereas it was partially blocked by transfection with pre-miR-129-5p (line 3 vs line 2). This To confirm whether miR-129-5p directly targets the 3′UTR of SIP1 or SOX4 gene (5′-CAAAAA-3′), a 1048-bp fragment of the 3′UTR of SIP1 and a 786-bp fragment of the 3′UTR of SOX4 were cloned into PGL3 luciferase reporter vector. These segments included a predicated binding site for miR-129-5p (Figure 7a) . Furthermore, the mutant plasmids with a mutated binding site of miR-129-5p in the 3′UTR of SIP1 and SOX4 were generated and used in the promoter activity analysis. As shown in Figure 7b and c, overexpression of pre-miR-129-5p in HPMCs notably decreased the luciferase activity of 3′UTR in the wild-type reporter of SIP1 and SOX4 by 36 and 53%, respectively. However, the activity was not significantly different in cells transfected with the mutant reporter plasmids of SIP1 or SOX4. In addition, there was no effect on the 3′UTR activity following treatment with the miR-negative control.
The promoters of E-cadherin and vimentin contain binding sites for the transcription factor, SIP1. 34, 36 We therefore tested the E-cadherin promoter activity in HPMCs using a PGL3 luciferase reporter system. As shown Figure 4 SIP1-siRNA reverses the altered expression of epithelial-mesenchymal transition-related genes in human peritoneal mesothelial cell lines (HPMCs) induced by TGF-β1. (a) By real-time PCR, a decreased messenger RNA (mRNA) expression of E-cadherin was seen in HPMCs subjected to TGF-β1 treatment (5 ng/ml) for 48 h, whereas it was reversed by transfection with pre-miR-129-5p or SIP1-siRNA. Inhibition of SIP1 expression further enhanced the reversal effect of pre-miR-129-5p in TGF-β1-reduced E-cadherin mRNA expression (A1). In addition, compared with E-cadherin expression, an opposite effect was observed for vimentin and fibronectin (FN) mRNA expression (A2, A3). (b) Western blot analysis showed similar results that SIP1-siRNA reversed the altered expression of E-cadherin, vimentin, and FN in HPMCs subjected to TGF-β1 treatment. The bar graphs represent the densitometric measurements of the relative band density observed by western blot analyses (c, C1-C3). (d, D1) Western blot analysis revealed that overexpression of pre-miR-129-5p partially blocked the altered protein expression of E-cadherin and vimentin in HPMCs treated with TGF-β1 or TGF-β1 +SIP1. (D2) The bar graphs represent the densitometry measurements of relative band density of autoradiograms of D1. Values are the mean ± s.e.m., n = 3, *Po0.01 vs control, Po0.01 vs TGF-β1, Po0.01 vs $ Po0.01 vs TGF-β1+pre-miR-129-5p.
MicroRNA-129-5p modulates MMT/EMT in PD L Xiao et al Figure 5 SOX4-siRNA reverses the altered expression of E-cadherin, vimentin, and fibronectin (FN) in human peritoneal mesothelial cell lines (HPMCs) induced by TGF-β1. (a, A1) Real-time PCR showed SOX4-siRNA reversed the TGF-β1-reduced messenger RNA (mRNA) expression of E-cadherin in HPMCs, whereas this effect was partially blocked in cells transfected with pre-miR-129-5p. In contrast, opposite results were seen for the expression of vimentin and FN mRNA (A2, A3). Furthermore, real-time PCR also revealed that TGF-β1 significantly increased SOX4 mRNA expression, whereas there was no change following treatment with pre-miR-129-5p (A4). MicroRNA-129-5p modulates MMT/EMT in PD L Xiao et al in Figure 7d , a significantly decreased luciferase activity was observed, which basically represented E-cadherin promoter activity in HPMCs treated with TGF-β1 or overexpression of SIP1 (Figure 7d , line 2 and line 4 vs line 1). This effect was blocked partially with the pre-treatment of pre-miR-129-5p (line 8 vs line 2, line 9 vs line 4). Interestingly, opposite results were observed in assays for the vimentin promoter activity (Figure 7e ). These results suggest that miR-129-5p modulates E-cadherin and vimentin expression by targeting the 3′UTR region of SIP1 and SOX4 genes or by modulating the promoter activity of E-cadherin and vimentin by the TGF-β1/ SIP1 pathway.
DISCUSSION
Recent studies have demonstrated that TGF-β1-induced MMT has a central role in the pathogenesis of peritoneal fibrosis in PD. 1, 16 However, the precise mechanism(s) by which TGF-β1 induces EMT/MMT process in PD still MicroRNA-129-5p modulates MMT/EMT in PD L Xiao et al remains to be clearly defined. In the present study, we identified that the expression of miR-129-5p is decreased both in PD patients and in the HPMCs cell line treated with TGF-β1, and it negatively correlated with MMT and peritoneal fibrosis. Overexpression of miR-129-5p ameliorated TGF-β1-induced MMT, and additionally inhibited cell migration following wound scratch in HPMCs culture. We also investigated the role SIP1 and SOX4, two well-known EMTassociated transcription factors that can directly bind to the promoter E-box site of E-cadherin and vimentin, in the process of MMT in patients undergoing PD. We observed that the inhibition of SIP1 and SOX4, using their respective siRNA, could dampen EMT by rescuing the altered promoter activity of both the E-cadherin and vimentin in HPMCs following TGF-β1 treatment. Our results also indicate that miR-129-5p could directly target the 3′UTR of SIP1 and SOX4 genes, and repressed their post-translational activities. These data suggest that there is a new pathway of TGF-β1/ miR-129-5p/SIP1 or SOX4 that may have a significant role in the process of MMT and fibrosis in PD. An emerging body of evidence suggests that miRNAs are dysregulated and they mediate the TGF-β-induced EMT process in various neoplastic processes. [37] [38] [39] [40] With respect to peritoneal fibrosis, we reported that miRNA589 is decreased Figure 1 and Tables 2 and 3 , 33 miRNAs were upregulated and 58 miRNAs were downregulated in patients having PD over 6 months compared with the patients of the PD-start group. Among those downregulated, the expression of miR-129-5p was noted to be significantly decreased. This change in the expression was confirmed by northern blot analyses and real-time PCR in effluents of patients with PD 46 months, as well as in HPMCs treated with TGF-β1 ( Figure 2 ). Recent studies have shown that downregulation of miR-129-5p expression was mediated by blocking the IL-17A receptor in fibroblasts following the TGF-β1 treatment, 20 suggesting that decreased miR-129-5p in PD may be modulated by the TGF-β1/IL-17A pathway. The miR-129-5p is one of the mature forms of miR-129-1 and miR-129-2, and previous studies have shown that miR-129, especially the miR-129-5p, has a vital role in various neoplastic processes where it serves as a tumor suppressor. 13, 18, 19, 41 Interestingly, it is also known that the expression of miR-129-5p is downregulated in states of fibrosis, such as, systemic sclerosis where it modulates the collagen I expression 20 and also under circumstances where invasion/migration of cells is affected, such as, in thyroid carcinoma cells. 42 This would suggest that miR-129-5p has a potential role in regulating the EMT process and fibrosis. However, whether miR-129-5p is involved in peritoneal fibrosis during PD is unknown. Thus, we selected the miRNA-129-5p for the investigation in this study among various miRNAs that were detected during expression profiling. In this study, we discovered that expression of miR-129-5p is significantly downregulated in both MCs isolated from the effluent of PD or HPMCs cells treated with TGF-β1. This change was associated with decreased expression of E-cadherin and claudin-1 and increased expression of vimentin and FN (Figures 1 and 2 ). On the other hand, overexpression of miR-129-5p markedly reversed the effect of TGF-β1-induced expression of EMT-related genes and protein expression (Figure 3) , suggesting that miR-129-5p acts as a negative modulator during the process of MMT that is induced by TGF-β1 in PD.
There are many transcription factors and pathways involved in the TGF-β1-induced EMT process, such as ZEB1, 43 SIP1, 44 snail, 45 slug, 46 SOX4, 47 Jagged/Notch, 48 and the Wnt3a/β-catenin wnt/β-cat pathway. 49 To delineate the mechanism by which miR-129-5p modulates TGF-β1-induced MMT gene expression in PD, we focused to investigate the status of SIP1 and SOX4. The SIP1, also known as ZEB2, is thought to be a transcription factor that acts as a repressor by binding to two widely separated clusters of c2H2-type zinc fingers and paired CAGGTA/G E-box-like promoter elements of E-cadherin and vimentin genes. Conceivably, SIP1 could also induce the TGF-β-stimulated EMT process by suppressing the expression of many genes characteristic of epithelia 27, 50, 51 and also through targeting miR-132, miR-205, and miR-200 to ultimately regulate the EMT process. 50, [52] [53] [54] Moreover, SIP1 is also known to coordinate miR-200a-3p/141-3p to induce renal mesangial cells to undergo EMT 43, 55 while it can also regulate E-cadherin expression utilizing miR-192/215. 56 SOX4 modulates transcription responses to TGF-β1, Wnt signaling, Notch pathway, and various miRNA processing. [57] [58] [59] [60] SOX4 is a downstream target of TGF-β1 (ref. 61 ) and have been shown to mediate the TGF-β-induced EMT process in mammary cells. 47 Moreover, many studies suggest that SOX4 is a downstream of miR-129-5p 47, [61] [62] [63] and the SOX4 3′UTR is one of the targets of miR-129-5p. 18, 19, 42, 64 Interestingly, Sand (Sp100, AIRE-1, NucP41/75, DEAF-1) epigenetic repression of miRNA-129 leads to overexpression of SOX4 in certain neoplastic processes. 63 Furthermore, biological software analyses indicate that miRNA-129-5p target genes include SIP1 and SOX4, and not others like snail1 and snail3, etc (www.microrna org; www.targetscan.org). This information suggests that SIP1 and SOX4 may have a critical role, unlike the other downstream molecules, such as ZEB1 and snail1, etc. In this scenario, they would conceivably participate in the TGF-β1-induced EMT process and fibrosis by interacting with miRNA-129-5p in states of PD. In view of this, we investigated the effect of SIP1 and SOX4 in TGF-β1-induced EMT modulated by miR-129-5p.
Our findings indicate that expression of SIP1 significantly increased in HPMCs both in patients undergoing PD patients and cells treated with TGF-β1. This upregulation tightly correlated with the expression of EMT-related genes and protein, and negatively correlated with the expression of miR-129-5p (Figures 1 and 2 ). In addition, we observed that inhibiting SIP1 expression with its siRNA blocked MMT induced by TGF-β1 in vitro (Figure 4 ). In contrast, overexpression of miR-129-5p decreased the mRNA and protein expression of SIP1 ( Figure 6 ). These data suggest that SIP1 may serve as a critical modulator of miR-129-5p in the MMT process during PD. We also observed that expression of SOX4 increased in PMCs isolated from PD patients and HPMCs cell lines stimulated by TGF-β1, and it negatively correlated with the expression of miR-129-5p and MMT changes (Figures 1  and 2 ). Similar to SIP1, SOX4-siRNA also blocked the MMT induced by TGF-β1 in vitro ( Figure 5 ). Overexpression of miR-129-5p decreased the protein expression of SOX4 (Figure 6 ), suggesting that both SIP1 and SOX4 can serve as the key downstream molecules utilizing different pathways but ultimately converging into TGF-β1/miR-129-5p pathway that modulated EMT/MMT process in PD.
This study also demonstrates that TGF-β1 and SIP1 independently confer a repression of E-cadherin expression by inhibiting its promoter activity, as assessed by luciferase activity analysis (Figure 7a) . In contrast to E-cadherin, an increased promoter activity of vimentin was observed (Figure 7b ), and these perturbations in the activities were reversed by the treatment with pre-miR-129-59. Incidentally, it has been reported that miR-129 directly targets SOX4 as indicated by the 3′UTR analysis. 62, 63 Likewise, we noted that miR-129-5p directly interacts with the 3hUTR of SIP1 and SOX4, and overexpression of pre-miR-129-5p decreased the luciferase activity of the 3′UTR wild-type reporter of SIP1 and SOX4. However, no effect was observed in the mutant of 3′ UTR reporter of SIP1 or SOX4 (Figure 7c and d) , suggesting that miR-129-5p exerts a protective role in MMT in PD, which may be partly through the downstream SIP1 and SOX4 transcription factors.
In summary, we suggest that miR-129-5p is a critical molecule in protection of MCs undergoing MMT transformation induced by TGF-β1 during of PD. Our findings also suggest that miR-129-5p exerts its protective effect perhaps through direct targeting of SIP1 and SOX4. Finally, it is anticipated that these findings may provide new insights into the role of miR-129-5p in the MMT and peritoneal fibrosis in PD, and yield an opportunity for developing novel therapeutic interventions.
